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Abstract Collective decision-making processes require careful design considera-
tions in organizations. On one hand, the inclusion of a greater number of actors
contribute to a wider knowledge base, on the other, it can become a diffuse process
and be distorted from the principles initially established. This paper observes a
speciﬁc collective decision making process in organizations—technology strategy
formulation—and, through a critical review of the literature, analyzes how the
advances in features of group support systems support improvements in different
stages of this process. This paper also discusses the implications of GSS appro-
priation in group dynamics.
Keywords Technology strategy  Group support systems  Review 
Decision-Making
1 Introduction
The growing globalization of businesses is driving important changes in the many
ways people communicate. Large corporations have to deal with the particularities,
be them geographical, economic and cultural, of business units of various locations.
This issue is also faced, to a certain degree, by Small and Medium Enterprises
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(SMEs) which have, for example, to accommodate divergent requirements of
several customers and manage suppliers with different capabilities.
With respect to group decision-making that requires the analysis of sensitive
topics, such as the role of leadership and aspects of organizational culture, the
approach chosen may have a determinant role in the effectiveness of group meet-
ings. In an attempt to overcome these issues, Group Support Systems (GSS) are
making unprecedented contributions to improve the communications between and
within organizations and thus, in collaborative decision-making.
In the speciﬁc case of decisions involved in the formulation of a technology
strategy, these may be compromised by: (1) divergent opinions arising from the
functional areas involved in the process (technical, marketing, production depart-
ments and others) (2) different cultural backgrounds and (3) uncertainty and
ambiguity. Despite its undeniable importance for the exchange of ideas and prob-
lem solving, the dynamics imposed in group meetings may lead to job dissatis-
faction [1] and higher costs derived from excessive time devoted to meetings [2]. In
this paper, we explore how different features of GSS have been contributing to
improve strategic decision-making in organizations.
The remainder of this paper is structured as follows: Sect. 2 presents the liter-
ature review on the topics of technology strategy and group support system.
Section 3 describes the research methods used in this study. Section 4 discusses the
potential contribution to the technology strategy formulation process and Sect. 5
presents the conclusions.
2 Literature Review
2.1 Technology Strategy: Stages and Tools
The management of technology is understood as a fundamental cornerstone of the
competiveness of companies. As an integral process of managing technology [3]
technology strategy is deﬁned as the process through which organizations develop
and leverage technological resources to exploit market opportunities [4, 5].
The enactment of a technology strategy is a complex task for organizations for a
variety of reasons, one of them being the relative irreversibility of technological
investments. Such investments are made in a context of high uncertainty, as it is
considered a period of strategic positioning for organizations, when considerable
ﬁnancial commitments have already been made [6].
The content of technology strategy concerns the required decisions that consti-
tute a technology strategy program [7]. A review of the most prominent decisions is
summarized in Table 1.
A large number of frameworks have been proposed to support the formulation of
a technology strategy in business environments [7–13], which in essence charac-
terize a structured methodology to conduct the process. Technology strategy
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frameworks consists of two basic elements [14]: activities and tools. Through an
extensive review of proposed frameworks, Santos [15] argues that the technology
strategy formulation is consolidated in ﬁve core activities, each of them supported
by a wide range of tools and techniques: internal analysis, external analysis,
generation, selection and monitoring.
The internal analysis activity concerns the identiﬁcation and assessment of the
technological competences and capabilities inside the organization. The external
analysis is related with the process aimed at identifying possible technological
trajectories, their impacts in the industry and in events that may influence these
patterns. The generation activity is related to the activities involved in generating
technology project ideas, based upon the ﬁndings from the internal and external
analysis and in speciﬁc pieces of information required in the ideas generation
process (patents, technology suppliers, etc.). Selection activity addresses how the
generated technology project ideas are going to be selected for implementation
within technology investment budgets. This should also consider how technology is
going to be sourced (developed in-house, in collaboration or acquired externally).
Finally, the monitoring activity is related to the control and oversight of the project
and the learning from theses vis-a-vis the initial goals set, turning the enactment of a
strategy a cyclical process in the long-term.
The tools and techniques used in each activity play an important role in supporting
the deﬁnition, evaluation and decision-making process. The complexity inherent in
the requirement of studying several areas of knowledge to deﬁne a technology
strategy may favor the integration of different tools and techniques to grasp the best
features of each one and thus support the development of a more robust framework
[3]. On another aspect, the exchange of ideas and communication of guidelines offers
a good opportunity for the development of group support systems (GSS) that support
the development of a technology strategy inside organizations.
Table 1 A review of technology strategy decisions
Decisions [8] [10] [12] [16] [7]
Selection of technologies X X X X X
Technology acquisition mode X X X X
Timing of introduction X X X
Organization and management approach of technology
and innovation
X X
Organization of technology intelligence efforts X
Identiﬁcation and exploitation of technological
interrelationships
X
Selection, evaluation, resource allocation and control of
projects
X
Technology availability and feasibility X
Process to ensure best return of investment X
Required technological competences and capabilities X
Investment level in technological developments X
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2.2 Group Support Systems
Group meetings are often arranged so that a group of individuals can share ideas,
make decisions, solve problems and communicate within organizations. It has been
deﬁned as a “a focused interaction of cognitive attention, planned or chance, where
people agree to come together for a common purpose, whether at the same time and
same place, or at different times in different places” [17]. Their existence is based on
the principle that collective knowledge supports improved decision-making [18, 19].
The contribution of group meetings to decision-making has been extensively
discussed in the literature. Its overuse may lead to unproductive group meetings
[20], job dissatisfaction [1] and high costs, either due to the time directly devoted to
the meetings, or to opportunity costs, i.e. time wasted that could be used in more
productive activities [2, 21]. On the other hand, an excessive reduction of the
number of meetings limit access to needed information and may also cause
employees’ job dissatisfaction [2].
The most frequent mode for conducting group meetings is face-to-face. Despite
enabling a comprehensive media for exchanging non-verbal communications,
face-to-face meeting have numerous problems [22]: obtaining meaningful respon-
ses deriving from the inability of some individuals to express their ideas publicly
and because of time limitations; limitations with group size, which normally
reduces the opportunity of an individual to make his/her contribution and costs
associated with the time and resources required in the schedule, coordination and
realization of group meetings.
The advent of advanced information and communication technologies (ICT) is
having a considerable impact in the way people communicate inside organizations.
In this domain, Group Support Systems (GSS) is an electronic meetings system
technology consisted of a network of computers connected to support group
meetings and collaborative work [23, 24].
GSS may include a number of tools and techniques designed to facilitate several
tasks in group discussions, such as problem deﬁnition, explorations of issues, con-
sensus building, group writing, activity coordination, knowledge sharing and accu-
mulation, data and decision analysis [25]. GSS may also use a divergent information
gathering software in order to collect a large number of ideas quickly [26].
Three basic features characterize GSS: asynchronous communication, anon-
ymity and collective memory - the access to previous participants’ inputs [27]. GSS
are expected to beneﬁt group meetings in the sense it may free individuals from
group conformity and scrutiny [28]. Despite such advantages, some studies indicate
that GSS may have lower performance in particular issues, namely in decision
speed [29] and effectiveness of leadership and coordination competence over time
[30] and group cohesion [31]. GSS may also be embedded with group management
techniques such as the Delphi method and Nominal Group Technique (NGT) to
improve the coordination and effectiveness of group meetings [32].
Nowadays, GSS are having a signiﬁcant impact in the socio-technical designs of
organizations, especially in larger groups, where GSS has proved to be most
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effective [33]. There is also an increasing usage of the structure of social net-
working in GSS [34, 35].
The objective of this study is to analyze the contribution of GSS in technology
strategy formulation. This paper differs from the study developed by Torkkeli and
Tuominen [36] which examined the role of technology selection in managing core
competencies and identiﬁed several characteristics of GSS that may contribute to
fulﬁll the requirements of this process. In this study, a further level of analysis is
included in the sense that inherent characteristics of activities involved in an
organization process—technology strategy formulation—are analyzed and con-
trasted with the potential contributions from the adoption of GSS.
3 Research Methods
The research method used in this paper is based on the review of existing literature
about GSS with focus on a speciﬁc organizational process—technology strategy
formulation. A technology strategy framework composed of a number of activities
is used as lens for analyzing potential contributions from GSS features.
4 GSS in Technology Strategy Formulation
This section presents a review and analysis of the use of GSS in different stages of
the technology strategy formulation process, as evidenced in the literature review
section. It highlights speciﬁc features of GSS and their potential contribution to
each of the aforementioned activity.
4.1 Activities and Applications of GSS
GSS are primarily useful for quickly gathering inputs from multiple participants,
disseminating this information and in providing structure for collective
decision-making. Table 2 presents a review of applications of GSS in different
activities of technology strategy formulation. A discussion on each of the activity is
provided below.
The activity of assessing internal capabilities deals not only with technical
competencies, but also with management skills, and often involves the discussion of
sensitive issues such as those related with the leadership exerted by top manage-
ment. This discussion may lead to internal divisions and biased assessments.
Anonymity enabled by GSS may exempt employees from social pressures and
dominant personalities, thus contributing with more engagement and more accurate
assessments of internal capabilities. In terms of tools, internal audits have been used
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as tools for organizations to self-assess their technological capabilities and to
analyze whether the conditions for managing technological innovation are present
in the organization. The technological innovation audit proposed by Santos et al.
[37] is embedded with the Real Time Delphi method [49] and enables the
anonymous participation of employees involved in an organization’s technological
innovation process in the internal capabilities evaluation. Additionally, group
memory is accessible in the sense that participants of the audit can visualize and
reply to comments from others, which can contribute to the convergence of judg-
ments towards consensus building.
The external analysis is being increasingly supported by ICT tools. In fact, the
results from a survey with foresight experts points to a greater use of ICT in
foresight processes and a transition from standard information gathering function-
alities to the interpretation of this information for strategy making [50].
The context-based or open foresight [51] is an emerging foresight paradigm that
puts more emphasis in communication and creativity among relevant stakeholders
inside organizations. In line with this paradigm, GSS may contribute with greater
collaboration among a larger number of actors with different perspectives, for
raising a higher number of ideas and validating them [40], thus supporting com-
munication and gathering of anonymous feedback and their aggregation in col-
lective insights about technological, economic and societal developments [38] and
in the establishment of rules of order in decisions through facilitated group dis-
cussions [39]. The web-based system proposed by Spithourakis et al. [42] combines
features of forecasting, such as descriptive statistics, with the “soft” factors of
foresight to improve user experience and gather a better knowledge about a
problem.
The generation activity is, perhaps, the most dependent on the creativity of
involved actors. Through enabling group memory, a repository of ideas is contin-
uously and collectively created for proposal submission [43] and concepts gener-
ation [44]. When coupled with technology intelligence systems [52, 53], the
generation activity can beneﬁt with greater analytical content by keeping an
extensive database that gathers, analyzes and disseminates relevant information
Table 2 Technology strategy activities and GSS applications
Technology strategy
activities
Examples of
applications
GSS features
Internal analysis [37] Asynchronous communication, anonymity, group memory.
External analysis [38–42] Consensus building, collaboration, electronic
documentation, moderation/facilitation, asynchronous
communication, descriptive statistics.
Generation [43, 44] Group memory, asynchronous communication,
moderation/facilitation, proposal submission.
Selection [45–47] Group memory, consensus building, and asynchronous
communication.
Monitoring [48] Group memory.
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about new technologies, patents, standards, regulations, trends and others to par-
ticipants in the innovation process of an organization.
The selection activity is typically a GSS embedded with a decision-making
procedure, however, GSS which merges external analysis and selection activities
have also been proposed [39]. According to Bozdağ and colleagues [54], the
selection of technology projects is a multi-dimensional and complex task which
involves considerable uncertainty, and therefore should include non-quantiﬁable,
intangible criteria, in which human reasoning is critical and GSS can leverage this
through intensive group interaction. The model proposed by Zandi and Tavana [46]
also include subjective criteria and considers the interdependencies between
information technology (IT) projects. An organizational decision support system
(ODSS) is proposed by Tian et al. [45] to address two particularities of typical R&D
project selection: as a typical multi-stage decision-making process and the
involvement of groups of people from different organizational units. On the other
hand, Choudhury et al. [47] highlights the disadvantages of asynchronous com-
munication in building consensus and adopts the concept of consensus measure to
improve on the group interaction process and replace the role of a moderator.
Compared to the previous activity, monitoring has received less attention for
GSS development, which can be partially explained by being often performed by
management control groups instead of being a bottom-up process. Dennis et al.
[48???] has recalled the importance of group memory for retrieving information
about past decisions and goals initially set to compare with performance of the
strategy under implementation.
4.2 Contributions for Group Dynamics
Besides removing geographical and time restrictions in communications (through
asynchronicity and group memory), GSS provide a number of features that improve
the way groups of people can interact towards a common goal. In a review of
various studies that compares asynchronous GSS and face-to-face group meetings,
Tung and Turban [55] identiﬁed a number of implications of adopting GSS in group
dynamics: increased choice shift among participants which contributed to achieving
consensus; improved conflict management where disagreements and conflicts were
more easily overcome in GSS meetings, focus of participants, with respect to task
orientation and productivity and performance, more speciﬁcally concerning the
quality of ideas generated by groups of people.
In a longitudinal study aimed to offset likely biases in the evaluation of GSS,
Reinig and Shin [56] selected three issues commonly associated with face-to-face
meetings—production blocking, free riding and sucker effect—and found that the
adoption of GSS improves group cohesion, self-reported learning and affective
reward, although they could not conclude on the individual level of influence of
each of the analyzed features of GSS (anonymity and simultaneity).
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The nature of the tasks being performed has natural implications in the use of
GSS. If consensus building is the ultimate goal of the process, GSS should be not
be used in stages when factual information is exchanged, but only when decision
options are being analyzed and selected [57]. Concerning the information being
shared in regular and non-regular or role-assigned GSS meetings, Vathanophas and
Liang [58] found that in the ﬁrst, participants tend to use more commonly shared
information while in the latter unique or individually held information are more
shared to support collective knowledge homogenization of groups with different
ﬁelds and levels of expertise. Minorities tend to experience greater uncertainty,
greater conformity, lower satisfaction and produce lower quality decisions in
groups that share common perceptions and beliefs and when non-anonymous
communications are enabled [59].
Over a decade ago, Shim et al. [60] provided a research agenda for GSS in which
they highlighted the need to address incomplete data and qualitative insights from
participants through the infusion of intelligence systems and methods in GSS. Now,
with the emergence of advanced artiﬁcial intelligence, there are several opportu-
nities for GSS in organizations. On the other hand, Ackerman and Eden [61] warn
about the dangers of technological opportunism and argues that mixed techniques
which incorporate single user and manual methods should be promoted as to
complement divergent thinking—through the rapid generation and proposal of
ideas supported by GSS technologies—with human facilitated convergent thinking
for adequate and inclusive decision-making. This aligns with the ﬁndings of
Limayem et al. [62] which indicated that the assimilation of GSS structure should
be accompanied by tailored training and decisional guidance.
5 Conclusions
The socio-technical design of organizations has been strongly influenced by
advances in GSS. The massive use of social networking is an evidence that GSS has
the potential of drastically changing how groups of people make decisions [34, 35].
This paper presents an extensive review and an analysis of GSS literature, with
emphasis on GSS applications in different stages of the technology strategy making
process.
In literature, while much focus is being put in observing the determinants of
information sharing and adoption of GSS, much has been left untreated with respect
to implications in different organizational settings and task speciﬁcities. In this
paper, we expect to ﬁll this latter gap by relating features of GSS, derived from
literature, with the activities and stages of a speciﬁc decision-making process in
organizations—technology strategy formulation. The characteristics of such activ-
ities are analyzed in order to specify how groups of people analyze information and
make decisions collectively, and thus relate such issues to the potential contribu-
tions from the implementation of GSS. Additionally, the way GSS influence group
dynamics towards achieving greater meetings’ results were also highlighted.
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We expect that, with this study, some design principles for GSS for technology
strategy formulation in organizations can be identiﬁed. Further work needs to be
done to generalize these ﬁndings, by analyzing other organizational decision-making
practices.
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